culture filtrate of this strain showed cytotoxicity in Vero cell-line 24 . The strain was stored at room temperature in T 1 N 1 (1.0% trypticase, 1.0% NaCl, agar 7.0%, pH 7.2) soft agar. Various liquid culture media were evaluated in this study. These included brain heart infusion broth (BHIB; Difco, USA), trypticase soy broth with yeast extract (TSB; Difco, USA), casamino acid yeast extract (CYE) and Richardson's medium 25 (composition per litre: casamino acid 20.0 g, Na 2 HPO 4 0.15 g, NaCl 2 5 g, Tris-HCl l0.65 g, K 2 HP0 4 3.67 g, yeast extract 6.0 g, trace salt 1.0 ml, pH 8.0). BHIB medium was supplementation with different concentrations of divalent cations, iron and sodium chloride (NaCl). Stock solutions (500 mM) of calcium chloride (CaCl 2 ) and magnesium sulphate (MgSO 4 .7H 2 O) were prepared and they were sterilized by filtration (0.22 μm pore; Millipore Corporation, USA). The stock solutions of CaCl 2 and MgSO 4. 7H 2 O were added to freshly prepared and sterilized BHIB to a final concentration of 1 mM and 10 mM. Stock solution (500 mM) of FeCl 3 , sterilized by filtration, was added to freshly prepared and sterilized 10 ml BHIB to a final concentration of 200 μM and 2,000 μM in separate conical flasks. All supplemented media were pre-incubated overnight at 37 o C to ensure sterility and the contamination free media were used. Freshly prepared BHIB medium was also supplemented with various concentration (0.5, 1.0, 1.5 and 2.0%) of NaCl prior to sterilization.
Stock culture of A. sobria from T 1 N 1 soft agar was aseptically subcultured onto gelatine agar plate and incubated overnight at 37 o C. Following incubation, one well-isolated colony was inoculated into 10 ml BHIB and incubated overnight at 37 o C in a shaking (120 oscillation/min) water bath (Water bath shaker, MM-10, Ogawa Seiki Co Ltd, Japan). The overnight broth culture of A. sobria (0.5 ml) was added to 10 ml pre-sterilized BHIB with and without supplement(s) in BHIB and incubated overnight at 37 o C in a shaking water bath (120 oscillation/min). Following incubation, bacterial concentrations in incubated cultures (BHIB with and without supplements) were measured on a nutrient agar plate (Difco, USA) following drop plate technique 26 . To prepare the supernatant, overnight culture BHIB (5.0 ml) was centrifuged at 10,000 rpm using Sorvall centrifuge (RC5C, Sorvall Instruments, USA) at 4 o C. The supernatant was collected in pre-sterilized glass vial and further sterilized by filtration (0.22 μm pore). Each of the experiments with BHIB having different supplements was repeated twice for the production Act and the cytotoxin titre was measured in Vero cell-assay.
Production of cytotoxic enterotoxin (Act) in BHIB with different supplements was tested in Vero cell-line (African green monkey kidney cells) 24 with slight modification as adopted in our laboratory. In short, Vero cell-line was grown in tissue culture medium 199 supplemented with Eagles salts and L-glutamate (2.3 mM), heat-inactivated foetal bovine serum (10%, Gibco, USA), penicillin (100,000 U/l), streptomycin (100 mg/l) and gentamicin (50 mg/l). Vero cell suspension (200 μl) in tissue culture medium 199 (2 x 10 3 /200 μl) was added in each well of microtitre plate (96 well, flat bottom, Falcon, USA) and incubated at 37 o C in a humidified CO 2 incubator for 3 h to allow adhesion. Following incubation, 200 μl diluted culture filtrate (serial two-fold dilution of crude toxin in PBS) was added into each well of the microtitre plate. Plate containing Vero cell and toxin were incubated at 37 o C in humidified CO 2 incubator. Change of the cell morphology (cell death or rounding) was studied using an inverted phase contrast microscope after 18-24 h of incubation. Wells containing 50% affected cells were considered positive.
Of the four liquid media tested, the highest titre of Act was produced in BHIB. Therefore, subsequent experiments were conducted using BHIB medium. The effect of calcium on the production of Act was studied in BHIB supplemented with CaCl 2 . Compared to BHIB without supplemented, 2-fold rise of Act titre was observed when BHIB was supplemented with 1 mM CaCl 2. At this concentration of CaCl 2 , density of Aeromonas decreased by one log compared to BHIB without supplement. When BHIB was supplemented with 10 mM CaCl 2, production of Act decreased but the bacterial concentration was comparable with that of BHIB without supplement (Table 1) . The influence Mg 2+ ion on the production of Act by the organism was studies using BHIB medium supplemented with MgSO 4 . Supplementation of BHIB with 10 mM MgSO 4 induced production of 2.7-fold rise of Act titre compared to the BHIB medium without supplement (Table 1) . However, addition of 1 mM MgSO 4 did not increase production of Act compared to non-supplemented BHIB. Bacterial concentrations in BHIB supplemented with the two concentrations of MgSO 4 were comparable with that of BHIB without supplement. These results suggest that divalent cations, such as Ca 2+ and Mg 2+ might be required to supplement BHIB for the production of higher titre of Act.
Effect of iron (FeCl 3 ) supplementation on production of Act was studied using BHIB medium. Supplementation of BHIB with both 200 and 2,000 μM FeCl 3 exhibited a 1.3-fold rise of Act production compared to BHIB without supplement (Table 1) . Bacterial growth in BHIB supplemented with the above two concentrations of FeCl 3 was comparable to that of BHIB without supplement. BHIB supplemented with different concentrations of NaCl showed little positive influence on Act production by the organism. Compared to non-supplemented BHIB, Act titre was slightly increased due to supplementation of BHIB with 0.5% NaCl. Supplementation of BHIB with 1.0 and 1.5% NaCl induced Act production but the titre was comparable with that of BHIB without supplement. Bacterial growth due to supplementation of BHIB with 0.5, 1.0 and 1.5% NaCl was comparable with that of non-supplemented BHIB. Both bacterial growth and Act production were inhibited when BHIB was supplemented with 2.0% NaCl (Table 1) .
In this study, the highest titre of cytotoxin was produced in BHIB. This result is consistent with the finding of Tsai et al. 27 . It is possible that some components of these media enhance production and subsequent transportation of Act outside the cell wall. On the other hand, inability to produce significant quantities of Act in other media might be due to inhibition of toxin synthesis, or failure to transport significant quantities of toxin outside the cell wall. Metallic ions are used as co-factors of different enzymes. Supplementation of culture medium with some of these ions stimulates bacterial growth and production of pathogenic, such as β-haemolysin of A. caviae 28 . In the present investigation, enhanced production of Act due to the supplementation of BHIB with Ca 2+ and Mg 2+ indicates a similar mechanism of toxin production in A. sobria having cytotoxic enterotoxin gene (act). This observation is also supported by experiment relating to regulation of act in the presence of Ca 2+ ion 29 .
Bacterial growth requires soluble iron as one of the essential nutrients required for many biological processes of the organism including electron transport chain and also as co-factor of certain enzymes 30 . At iron limiting condition, Aeromonas species produces iron-chelating compound known as siderophores. It helps Aeromonas to solubilize iron and makes it bioactive. In this study, supplementation of BHIB with iron slightly increased production of Act. This observation is inconsistent to β-haemolysin production by A. caviae 28 .
Sodium chloride is one of the important components of a bacteriological culture medium. Addition of sodium chloride to the medium enhances the production of virulence factors, such as enterotoxin 31 and haemolysin [32] [33] for some members of vibrionaceae. Excess amounts of sodium chloride may adversely affect bacterial growth. In the present study, Act production increased with addition of 0.5% NaCl in BHIB. With gradual increase in the concentration of sodium chloride in the medium, production of cytotoxin gradually decreased. This trend is consistent with the production of haemolysin by strains of V. fluvialis 33 and production of cytotoxin and haemolysin of A. hydrophila 27 in BHIB.
This study demonstrated that BHIB induced production of higher titre of Act compared to other media tested. The production of Act was enhanced when BHIB was supplemented with optimum concentrations of iron, calcium, magnesium and sodium chloride. Further study is needed to understand the mechanism of action of these chemicals in the pathogenesis of A. sobria in vitro and in vivo.
